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OI TGONUCLEOTIDE PRIMERS FOR EFFICIENT DETECTION 
OF HEPATITKC VIRUS (HCV) AND METHODS OF USE THEREOF 

Field of tb* Tnvention 

The present invention pertains to improved methods for detecting 
nucleic acid sequences in biological samples, particularly sequences derived from 
infectious microorganisms. 

Backerou- " 1 «f «he Invention 

Hepatitis C Virus (HCV) is a parenteral^ transmitted virus 
responsible for the majority of cases of post-transfusion hepatitis and a substantial 
portion of sporadic (or community acquired) hepatitis cases worldwide. It is 
estimated that more than 1% of the world's population is infected with HCV. HCV 
infection is associated with acute hepatitis, chronic hepatitis, cirrhosis, and 

hepatocellular carcinoma. 

HCV is currently classified as a separate genus, Hepacivirus, in the 
family Flaviviridae. Its genome consists of a positive-stranded RNA molecule of 
about 9 500 nucleotides with a single, large open reading frame (ORF) which 
encodes a polyprotein precursor of about 3,000 amino acids. The large ORF is 
preceded by a 5' non-coding region (NCR) of about 340 nucleotides, which is the 
most highly conserved region of the genome. The 5' region of the ORF encodes (in 
a 5'-to-3' direction) a capsid protein, two envelope glycoproteins (El and E2), and a 
small protein of unknown function (P7). The 3' portion of the ORF encodes 
nonstructural proteins which include a protease, protease/helicase bi-functional 
protein, RNA polymerase, and regulatory peptides. The 3' portion also includes an 
NCR. 

Analysis of HCV coding sequences from around the world has 
revealed considerable sequence variation among individual viral isolates. 
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Furthermore, analyses of HCV sequences from individual patients have shown that 
the virus circulates as so-called "quasi-species," which contain related but not 
identical sequences. The variation that exists among isolates and within individual 
patients is believed to be the result of the low fidelity of the virally-encoded 
RNA-dependent RNA polymerase. The degree of genetic variability of HCV has 
important implications for prevention, diagnosis, and control of infection. 

Serodiagnosis of HCV infection is typically determined by 
commercially available enzyme immuno-assays (EIA) which detect antibodies that 
bind recombinant HCV proteins or peptides. Positive EIA results can be confirmed 
by a recombinant immunoblot assay (RTOA), but neither EIA nor RIBA assays 
distinguish past from present infections. Because of the typically low trter of 
circulating virus, a direct assay for viral proteins has not been successfully 
developed. Furthermore, antibody-based assays fail to detect HCV infection for 

usually 2 to 3 months after exposure 

Thus, there is a need in the art for improved assays for HCV that are 
sensitive enough to detect HCV viremia within a few days after initial exposure of a 
patient to HCV. 

Summary of »he Invention 

Thus, in a first aspect, the invention is directed to a method for 
detecting the presence of Hepatitis C Virus (HCV) RNA in a biological sample. The 

method comprises: 

(A) performing a reverse transcription reaction using as a template 
RNA derived from the sample to produce HCV-specific reverse transcription 

products; 

(B) amplifying the reverse-transcription products using one or 
more pairs of oligonucleotide primers specific for HCV to produce HCV-specific 
amplification products, 
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where each of the pairs comprises: 

(a) a forward primer selected from the group consisting 

of: 

(i) 5'- 

C AGAAAC3CGTCT AGCC ATGGCGTT AGT A-3 1 (C69F28) <SEQ ID NO. 1>, 

(ii) s'-GGGAGAGCCATAGTGGTCTGCGGAA- 

3' (C131F25) <SEQ ID NO. 2>, and 

(iii) 5 1 - 

GTGGTCTGCGGAACCGGTGAGT ACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) S'-CGGTTCCGCAGACCACTATGGCTCTC- 

3' (C133R26) <SEQ ID NO. 4>, 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 ' (C282R27) <SEQ ID NO. 5>, 

(iii) 5'- 

CACTCGCAAGCACCCTATCAGGCAGTA-3 1 (C287R27) <SEQ ID NO. 6>, and 

(iv) 5-CGGGGCACTCGCAAGCACCCTATCA- 

3' (C294R25) <SEQ ID NO. 7>; and 

(C) detecting the amplification products, 

where detection of the amplification products indicates the 

presence of HCV RNA in the sample. 

In another aspect, the invention is directed to a method for amplifying 

Hepatitis C Virus (HCV) DNA. The method comprises: 

(A) performing a polymerase chain reaction on a DNA sample 
containing HCV DNA using one or more pairs of oligonucleotide primers specific 
for HCV to produce HCV-specific amplification products, 
where each of the pairs comprises: 
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(a) a forward primer selected from the group consisting 

of: 

(i) 5'- 

CAGAAAGCGTCTAGCCATGGCGTTAGTA-3' (C69F28) <SEQ ID NO. 1>, 

(ii) 5-GGGAGAGCCATAGTGGTCTGCGGAA- 

3' (CI 3 1F25) <SEQ ID NO. 2> and 

(Hi) 5 1 - 

GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) 5-CGGTTCCGCAGACCACTATGGCTCTC- 

3' (C133R26) <SEQ ID NO. 4>, 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 ' (C282R27) <SEQ ID NO. 5>, 

(Hi) 5'- 

CACTCGCAAGCACCCT ATC AGGC AGT A-3' (C287R27) <SEQ ID NO. 6>, and 

(iv) 5'-CGGGGCACTCGCAAGCACCCTATCA- 

3' (C294R25) <SEQ ID NO. 7>. 

In a third aspect, the invention is directed to a method for detecting 
the presence of Hepatitis C Virus (HCV) RNA in a biological sample. The method 
20 comprises: 

(A) performing a reverse transcription reaction using as a template 
RNA derived from the sample to produce HCV-specific reverse transcription 
products; 

(B) amplifying the reverse-transcription products using a forward 
25 primer and a reverse primer to produce HCV-specific amplification products, 

where the forward primer consists of the oligonucleotide 5'- 
GGTGGCTCC ATCTT AGCCCT AGTC ACG-3 1 (1F27) <SEQ ID NO. 8> and the 
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reverse primer consists of the oligonucleotide 5'- 
AGGCCAGTATCAGCACTCTCTGCAGTC-3 1 (57R27) <SEQ ID NO. 9>; and 
(C) detecting the amplification products, 

where detection of the amplification products indicates the 

presence of HCV RNA in the sample. 

In a fourth aspect, the invention is directed to a method for 
amplifying Hepatitis C Virus (HCV) DNA. The method comprises: 

(A) performing a polymerase chain reaction on a DNA sample 
containing HCV DNA using a forward primer and a reverse primer to produce 

HCV-specific amplification products, 

where the forward primer consists of the oligonucleotide 5'- 
GGTGGCTCCATCTTAGCCCTAGTCACG-3* (1F27) <SEQ ID NO. 8> and the 
iy reverse primer consists of the oligonucleotide 5'- 

AGGCCAGTATCAGCACTCTCTGCAGTC-3' (57R27) <SEQ ID NO. 9>. 

In a fifth aspect, the invention is directed to a method for detecting 
the presence of Hepatitis C Virus (HCV) RNA in a biological sample. The method 
comprises. 

(A) performing a reverse transcription reaction using as a template 
RNA derived from the sample to produce HCV-specific reverse transcription 

20 products; 

(B) amplifying the reverse-transcription products using one or 
more pairs of 5' NCR oligonucleotide primers specific for HCV and one or more 
pairs of 3' NCR oligonucleotide primers to produce HCV-specific amplification 

products, 

where each of the pairs of 5' NCR oligonucleotide primers 

25 

comprises: . . 

(a) a forward primer selected from the group consisting 

of: 
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(i) 5'- 

CAGAAAGCGTCT AGCC ATGGCGTT AGT A-3 1 (C69F28) <SEQ ID NO. 1> 

(ii) 5'-GGGAGAGCCATAGTGGTCTGCGGAA- 

3' (C131F25) <SEQ ID NO. 2>, and 

(iii) 5'- 

GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) 5-CGGTTCCGCAGACCACTATGGCTCTC- 

O y (C133R26) <SEQ ID NO. 4> 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 1 (C282R27) <SEQ ID NO. 5> 

(iii) 5'- 

I J CACTCGC AAGC ACCCT ATC AGGC AGT A-3 1 (C287R27) <SEQ ID NO. 6>, and 

V (iv) 5-CGGGGCACTCGC AAGC ACCCT ATC A- 

I* 15 3'(C294R25)<SEQIDNO. 7>; and 

% where each of the pairs of 3' NCR oligonucleotide primers 

p comprises a forward primer consisting of the oligonucleotide 5 1 - 

GGTGGCTCC ATCTT AGCCCT AGTC ACG-3 ' (1F27) <SEQ ID NO. 8> and a 
reverse primer consisting of the oligonucleotide 5'- 
AGGCCAGTATCAGCACTCTCTGCAGTC-3 (57R27) <SEQ ID NO. 9>, and 

(c) detecting the amplification products, 

where detection of the amplification products indicates 

the presence of HCV RNA in the sample. 

In a sixth aspect, the invention is directed to a method for amplifying 
Hepatitis C Virus (HCV) DNA. The method comprises: 

(A) performing a polymerase chain reaction on a DNA sample 
containing HCV DNA using one or more pairs of 5' NCR oligonucleotide primers 
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specific for HCV and one or more pairs of 3' NCR oligonucleotide primers to 
produce HCV-specific amplification products, 

where each of the pairs of 5' NCR oligonucleotide primers 

comprises: 

(a) a forward primer selected from the group consisting 

of: 

(i) 5'- 

CAGAAAGCGTCTAGCCATGGCGTTAGTA-3 1 (C69F28) <SEQ ID NO. 1>, 
O (ii) 5-GGGAGAGCCATAGTGGTCTGCGGAA- 

H 10 3'(C131F25)<SEQIDN0.2>,or 

O (iii) 5'- 
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GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) 5-CGGTTCCGCAGACCACTATGGCTCTC- 

3- (C133R26) <SEQ ID NO. 4> 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 1 (C282R27) <SEQ ID NO 5>, 

(iii) 5'- 

CACTCGCAAGCACCCTATCAGGCAGTA-3' (C287R27) <SEQ ID NO. 6>, or 

(iv) 5-CGGGGCACTCGCAAGCACCCTATCA- 

3' (C294R25) <SEQ ID NO. 7>; and 

where each of the pairs of 3' NCR oligonucleotide 

primers comprises a forward primer consisting of the oligonucleotide 5'- 
GGTGGCTCC ATCTT AGCCCT AGTC ACG-3 ' (1F27) <SEQ ID NO. 8> and a 
reverse primer consisting of the oligonucleotide 5'- 
AGGCCAGTATC AGC ACTCTCTGC AGTC-3 (57R27) <SEQ ID NO 9>. 

In some embodiments of the method, where a reverse transcription 
reaction is performed, the reverse transcription reaction is performed using random 
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oligonucleotide primers; alternatively, one or more HCV-specific reverse 
transcription primers, i.e., oligonucleotides having sequences that correspond to 
sequences in HCV RNA, may be used. Methods for detection of amplification 
include, without limitation, (a) electrophoresis and (b) capture of amplified 
products on a solid support to which HCV-specific probes are attached followed by 
quantifying the bound products using a colorimetric assay. 

In a further aspect, the invention is directed to a kit for amplifying 
HCV DNA derived from HCV RNA. The kit comprises one or more pairs of 5' 
NCR oligonucleotide primers, where each of the pairs of 5' NCR oligonucleotide 
primers comprises: 

(a) a forward primer selected from the group consisting 



of: 

(i) 5' 



C AG AAAGCGTCT AGCC ATGGCGTT AGT A-3 1 (C69F28) <SEQ ID NO. 1>, 

(ii) S'-GGGAGAGCCATAGTGGTCTGCGGAA- 

3' (C131F25) <SEQ ID NO. 2>, and 

(iii) 5'- 

GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) 5-.CGGTTCCGCAGACCACTATGGCTCTC- 

3' (C133R26) <SEQ ID NO. 4>, 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 ' (C282R27) <SEQ ID NO. 5>, 

(iii) 5'- 

CACTCGC AAGC ACCCT ATC AGGC AGT A-3 ' (C287R27) <SEQ ID NO. 6>, and 

(iv) 5-CGGGGCACTCGCAAGCACCCTATCA- 

3' (C294R25) <SEQ ID NO. 7>. 
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In a further aspect, the invention is directed to a kit for amplifying 
HCV cDNA derived from HCV RNA. The kit comprises one or more pairs of 3' 
NCR oligonucleotide primers, where each of the pairs of 3' NCR oligonucleotide 
primers comprises a forward primer consisting of the oligonucleotide 5'- 
GGTGGCTCC ATCTT AGCCCT AGTC ACG-3 ' (1F27) <SEQ ID NO. 8> and a 
reverse primer consisting of the oligonucleotide 5'- 
AGGCCAGT ATC AGCACTCTCTGCAGTC-3 (57R27) <SEQ ID NO. 9>. 

In an alternate aspect, the invention is directed to a kit for detecting 
the presence of HCV DNA. The kit comprises one or more pairs of 5 1 NCR 
oligonucleotide primers, where each of the pairs of 5' NCR oligonucleotide primers 
comprises: 



a forward primer selected from the group consisting 



iJ (a) 
Ly of: 



S 15 C AGAAAGCGTCT AGCC ATGGCGTT AGT A-3 ' (C69F28) <SEQ ID NO. 1>, 

(ii) 5'-GGGAGAGCCATAGTGGTCTGCGGAA- 

3' (C131F25) <SEQ ID NO. 2>, or 

(iii) 5 1 - 

GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) <SEQ ID NO. 3>; and 

(b) a reverse primer selected from the group consisting of: 

(i) 5-CGGTTCCGCAGACCACTATGGCTCTC- 

3' (C133R26) <SEQ ID NO. 4>, 

(ii) 5'- 

GC AAGC ACCCT ATC AGGC AGT ACC AC A-3 1 (C282R27) <SEQ ID NO. 5>, 

(iii) 5'- 

CACTCGCAAGCACCCTATCAGGCAGTA-3' (C287R27) <SEQ ID NO. 6>, and 

(iv) 5'-CGGGGCACTCGCAAGCACCCTATCA- 

3' (C294R25) <SEQ ID NO. 7>. 
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In yet another aspect, the invention is directed to a kit for detecting 
the presence of HCV RNA. The kit comprises one or more pairs of 3' NCR 
oligonucleotide primers, where each of the pairs of 3' NCR oligonucleotide primers 
comprises a forward primer consisting of the oligonucleotide 5'- 
GGTGGCTCCATCTTAGCCCTAGTCACG-3' (1F27) <SEQ ID NO. 8> and a 
reverse primer consisting of the oligonucleotide 5'- 
AGGCC AGT ATCAGC ACTCTCTGCAGTC-3 (57R27) <SEQ ID NO. 9>. 
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Detailed Description *he Tnvention 

The present inventors have discovered that detection of Hepatitis C 
Virus (HCV) RNA in biological samples is more efficient when oligonucleotides 
having sequences complementary to certain sequences present in HCV RNA are 
used as primers for amplification. The present invention thus provides an improved 
single-round, reverse transcription/amplification assay which detects low copy levels 
of HCV RNA. Oligonucleotide primers are selected based on theoretical 
considerations of sequence conservation, intra- and inter-molecular interactions, and 
the predicted secondary structures of the amplicon and surrounding sequence. 
Furthermore, the primers and assay system are designed to allow the 
co-amplification (and co-detection) of multiple regions of the HCV genome, 
multiple viral species, and an internal positive control (IPC) RNA (or DNA). 
Simultaneous amplification/detection of multiple regions of the HCV genome 
increases assay sensitivity and the co-amplification of an IPC decreases the 
likelihood of false negative results because of PCR inhibition. 

Many techniques in molecular biology, microbiology, recombinant 
DNA, and protein biochemistry are used in practicing the present invention, such as 
those explained in, for example, Current Protocols in Molecular Biology, Volumes 
I, n, and III, 1997 (F.M.. Ausubel ed ); Sambrook et al, 1989, Molecular Cloning: 
A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold 
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Spring Harbor, New York; DNA Cloning: A Practical Approach, Volumes I and n, 
1985 (DN. Glover ed); Oligonucleotide Synthesis, 1984, (M.L. Gait ed.); 
Fronton am/ tato, 1984 (Hames and Higgins eds.); A Practical Guide 
to Molecular Cloning:, the series, Methods in Enzymology (Academic Press, Inc.); 
and Protein Purification: Principles and Practice, Second Edition (Springer-Verlag, 
N.Y.). 

-Nucleic acid" or "polynucleotide" as used herein refers to punne- 
and pyrimidine-containing polymers of any length, either polyribonucleotides or 
polydeoxyribonucleotides or mixed polyribo-polydeoxyribo nucleotides. This 
includes single- and double-stranded molecules, such as, for example, DNA-DNA, 
DNA-RNA and RNA-RNA hybrids, as well as "protein nucleic acids" (PNA) 
formed by conjugating bases to an amino acid backbone. This also includes nucleic 

acids containing modified bases. 

A "complement" of a nucleic acid sequence as used herein refers to 
the antisense sequence that participates in Watson-Crick base-pairing with the 

original sequence. 

A "primer" as used herein is an isolated oligonucleotide between 

about 10 and about 50 nucleotides in length, preferably between about 12 and about 
25 nucleotides in length and most preferably between about 12 and about 18 
nucleotides in length, that forms a duplex with a single-stranded nucleic acid 
sequence of interest and allows polymerization of a complementary strand using, 
e g , reverse transcriptase or DNA polymerase. 

An "isolated" nucleic acid as used herein refers to a component that is 
removed from its original environment (for example, its natural environment if it is 
naturally occurring or a reaction mixture if it is synthetic). An isolated nucleic acid 
typically contains less than about 50%, preferably less than about 75%, and most 
preferably less than about 90%, of the components with which it was originally 
associated. 
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A nucleic acid sequence that is "derived from" a designated sequence 
refers to a sequence that corresponds to a region of the designated sequence. This 
encompasses sequences that are homologous or complementary to the sequence. 

An internal positive control (IPC) target nucleic acid refers to a 
synthetic nucleic acid sequence cloned into a plasmid vector which is subsequently 
linearized, typically by the action of a restriction endonuclease. An IPC will 
typically have multiple primer binding sequences surrounding a generic probe- 
binding region, and acts as a generic control against false negative results in nucleic 

acid amplification reactions. 

The sequence of a preferred internal positive control target DNA is: 

CGCCAGCGTGGACCATCAAGTAGTAATGAACGCACGGACGAGGACATCA 
TAGAGATTACACCTTTATCCACAGTTCTCGGTCTAACGCAGCAGTCAGTG 
TATCAGCACCAGCATCCGTAGTGAGTCTTCAGTGTCTGCTCCAGGATCGT 

G-3' 

<SEQIDNO. 10>. 

Nucleic acids comprising any of the sequences disclosed herein or 
subsequences thereof can be prepared by conventional methods. For example, DNA 
can be chemically synthesized using, e.g., the phosphoramidite solid support method 
of Matteucci et al., 1981, J. Am. Chem. Soc. 103.3185, the method of Yoo et al., 
1989 J. Biol. Chem. 764.17078, or other well known methods. The nucleic acids 
may also be modified by many means known in the art. Non-limiting examples of 
such modifications include methylation, "caps", substitution of one or more of the 
naturally occurring nucleotides with an analog, and internucleotide modificat,ons 
such as, for example, those with uncharged linkages (e.g., methyl phosphonates, 
phosphotriesters, phosphoroamidates, carbamates, etc.) or charged linkages (e.g., 
phosphorothioates, phosphorodithioates, etc.). Nucleic acids may contain one or 
more additional covalently linked moieties, such as, for example, proteins (e.g., 



nucleases, toxins, antibodies, signal peptides, poIy-L-lysine, etc), intercalators (e.g., 
acridine, psoralen, etc.), chelators (e.g., metais, Reactive metals, iron, oxtdative 
metals, etc.), and abators. PNAs axe a!so encompassed by the term »nucle,c acrd 
The nucleic acid may be derivatized by formation of a methyl or ethyl 
phosphotnester or an alkyl phosphoramidate .inkage. Furthermore, the nuclcc acrd 
sequences of the present invention may also be modified with a >abe. capable of 
providing a detectable signal, either directly or indirect Exemplary labels mclude 
radioisotopes, fluorescent molecules, biotin, and the like. 

Amplification as used herein refers to an iterative process by wh.ch a 
nucleic acid is copied Suitable meftods for amplification include without li— 
poiymerase chain reaction, ligase chain reaction, strand displacement amplication, 
transcription mediated amplification, and nucleic acid single base amplification. 

The present invention provides methods for detection of HCV 

biological samples. The methods are carried out by 

(i) performing a reverse transcription reaction using as a template 

RNA contained within or derived from the sample; 

(ii) amplifying the reverse-transcription products us.ng pan's ot 
amplification primers having sequences corresponding to sequences within the 5- or 
y non-coding region of HCV RNA, to produce HCV-specific amplication 
products; and 

(Hi) detecting HCV-specific amplification products. 
Detection of HCV-specific amplification products indicates the presence of HCV 

RNA in the sample. . - m a 

According to the invention, a biological sample » obtained from a 
patient by any conventional mean, Suitable biological samples include without 
limitation, blood, serum, plasma, urine, breast milk, and cerebrospmal fund. 
Preferably, plasma is used as the source of HCV RNA. 
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The biological sample is treated in any manner that provides access 
of the reverse transcription reagents to RNA, specifically HCV RNA, contained 
within the sample. RNA "derived from" a biological sample is any RNA which was 
originally present in the sample and to which access has been gained by treating the 
5 sample. Preferably, RNA is extracted from the sample using any method well known 

in the art, such as, e.g., methods employing guanidinium thiocyanate, or using 
commercially available reagents and methods such as, e.g., PureScript® from 
Gentra Systems, Inc. (Minneapolis MN). Any extraction procedure may be used 

« that results in separation of the RNA from RNases, other proteins, and/or any other 

li 10 components that might interfere with reverse transcription. 

O The samp ie is then subjected to reverse transcription using (a) 

random primers, such as random hexamer primers obtainable from Pharmacia 
Biotech, Piscataway, New Jersey and/or (b) primers derived from the 5' or 3' NCRs 
of the HCV RNA genomic sequence. Reverse transcription is carried out using 
j* 15 conventional procedures, such as are described in Current Protocols in Molecular 

Biology, Volumes I, II, and HI, 1997 (F.M.. Ausubel ed); in U.S. Patent 5,322,770; 
in Young, et al., J. Clin. Microbiol. 31(4):882 (1993); Myers et al., Biochemistry 
30(3): 7661 (1991). Other primers suitable for use as reverse transcription primers, 
and methods for reverse transcription which can be used in the present invention 

20 include those described in copending U.S. patent application Serial No. 09/ , 

attorney docket number 2904/0E287. 

Following the reverse transcription reaction, the products are 
amplified. Any method for amplification may be used, including, without 
limitation, polymerase chain reaction (PCR), ligase chain reaction, strand 
25 displacement reaction, nucleic acid single base amplification, and transcription 

mediated amplification. Preferably, PCR is used. Typically, a reaction mixture 
containing all of the necessary components for PCR is added directly to the reverse 



Til 
t a 

ffi 



CDS-211 



- 15 - 



transcription reaction mixture. Amplification is then carried out using conditions 
specified by the primer pairs that are used. 

The present inventors have discovered certain pairs of HCV-specific 
amplification primers are particularly advantageous in detecting HCV RNA in 
patient samples. Non-limiting examples of usefiri primers derived from the 5' NCR 
of the HCV genome include those listed in Table 1 below. 
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TABLE 1 



PRIMER 



C69f28 



C131F25 



C143R26 



C133F26 



C282R26 



C287R27 



C294R25 



SEQUENCE 



5'- 



CAGAAAGCGTCTAGCCATGGCGTTAG 



TA-3' 



5'- 



GGGAGAGCCATAGTGGTCTGCGGAA- 



3' 



5'- 



GTGGTCTGCGGAACCGGTGAGTACAC- 



3' 



5'- 



CGGTTCCGCAGACCACTATGGCTCTC- 



3' 



5'- 



GCAAGCACCCTATCAGGCAGTACCAC 



A-3' 



5'- 

CACTCGCAAGCACCCTATCAGGCAGT 
A-3' — 



5'- 



CGGGGCACTCGCAAGCACCCTATCA-3' 



LOC. 



69-96 



131- 
155 



143- 
168 



133- 
158 



282- 
308 



287- 
313 



294- 
318 



A 
S 



A 
S 



SIN 



* Strand orientation: S = sense; AS = antisense; ** Sequence ID No. 
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Any combination of sense and antisense oligonucleotides may be 
used as forward and reverse amplification primers, respectively. Preferred pairs of 

5' NCR primers for use in amplification include: 

(a) 5-CAGAAAGCGTCTAGCCATGGCGTTAGTA-3' 

<SEQ ID NO. 1> and 

5'-CGGTTCCGCAGACCACTATGGCTCTC-3' <SEQ ID 

NO. 4> and 

(b) 5'-GGGAGAGCCATAGTGGTCTGCGGAA-3' <SEQ ID 



5-CGGGGCACTCGCAAGCACCCTATCA-3 1 <SEQ ID 
NO. 7>. 

In one preferred embodiment, the pair of amplification primers 
consists of 5--CAGAAAGCGTCTAGCCATGGCGTTAGTA-3' <SEQ ID NO 1> 
and 5'-CGGTTCCGCAGACCACTATGGCTCTC-3' <SEQ ID NO. 4>. In another 
preferred embodiment, the pair of amplification primers consists of 5'- 
GGGAG AGCC AT AGTGGTCTGCGGAA-3 ' <SEQ ID NO. 2> and 5'- 
CGGGGCACTCGCAAGCACCCTATCA-3' <SEQ ID NO. 7>. 

Non-limiting examples of useful primers derived from the 3' NCR of 
the HCV genome include a forward primer consisting of 5'- 
GGTGGCTCC ATCTT AGCCCT AGTC ACG-3 ' (1F27) <SEQ ID NO. 8> and a 
reverse primer consisting of 5 '- AGGCC AGT ATC AGC ACTCTCTGC AGTC-3 ' 
(57R27) 

<SEQIDNO. 9>. 

The invention also encompasses multiplex amplification, i.e., 
simultaneous amplification of different sequences using different sets of primers in 
the same reaction mixture. A preferred set of primer pairs that can be used 
simultaneously in a multiplex amplification reaction is: 
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(a) 5'-GGXjAGAGCCATAGTGGTCTGCGGAA-3' <SEQ ID 

NO. 2> and 

5-CGGGGCACTCGCAAGCACCCTATCA-3 1 (5 1 pair) 

<SEQ ID NO. 7> and 

(b) 5'-GGTGGCTCCATCTTAGCCCTAGTCACG-3' 

<SEQ ID NO. 8> and 

5-AGGCCAGTATCAGCACTCTCTGCAGTC-3 1 (3' pair) 

<SEQIDNO. 9>. 

Following amplification, the amplified products may be detected 
using any method known in the art, including, without limitation, gel electrophoresis 
in agarose or acrylamide; non-isotopic colorimetric detection such as the SureCellD 
system (see, e.g., Example 1 below); ECi detection- fluorescence, and 
chemiluminescence. Reagents useful in such detection methods are available from, 
e.g., Molecular Probes, Eugene, Oregon and Ortho Clinical Diagnostics, Rochester, 
NY. 

The detection of HCV-specific amplification products indicates the 
presence of HCV RNA in the sample. When gel electrophoresis is used, HCV- 
specific amplification products are confirmed by their size, as predicted by the 
location in HCV RNA of the sequences corresponding to the amplification primers 
used in the reaction. Useful HCV-specific 5' NCR capture probes useful for 
colorimetric detection include, without limitation, 5'- 
GGGTCCTGGAGGCTGC ACGAC ACTC AT-3 <SEQ ID NO. H>, 5'- 
CCTTTCGCGACCC AAC ACT ACTCGGCT-3 1 <SEQ ID NO. 12>, and 5'- 
TTTCGCGACCCAACACTACTCGGCT-3' <SEQ ID NO. 13>. Useful HCV- 
25 specific 3' NCR capture probes include, without limitation, 5'- 

GCGGCTCACGGACCTTTCACAGCTA-3' <SEQ ID NO. 14> and 5'- 
ATGCGGCTCACGGACCTTTCACAGC-3' <SEQ ID NO 15>. 
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Kits for amplifying HCV DNA derived from HCV RNA can be 
prepared containing one or more pairs of forward and reverse 5' NCR 
oligonucleotide primers, where the forward primers may be 5'- 
CAGAAAGCGTCTAGCCATGGCGTTAGTA-3' (C69F28) <SEQ ID NO. 1>, 5'- 
GGGAGAGCCATAGTGGTCTGCGGAA-3' (C131F25) <SEQ ID NO. 2>, or 5'- 
GTGGTCTGCGGAACCGGTGAGTACAC-3 (C143F26) 

<SEQ ID NO. 3>; and the reverse primers may be 5'- 
CGGTTCCGCAGACCACTATGGCTCTC-3' (C133R26) <SEQ ID NO. 4>, 5'- 
GCAAGCACCCTATCAGGCAGTACCACA-3' (C282R27) <SEQ ID NO. 5>, 5'- 
C ACTCGC AAGC ACCCT ATC AGGC AGT A-3 ' (C287R27) <SEQ ID NO. 6>, or 
S'-CGGGGCACTCGCAAGCACCCTATC A-3- (C294R25) <SEQ ID NO. 7>. 

Kits for amplifying HCV DNA derived from HCV RNA can also be 
prepared containing one or more pairs of forward and reverse 3' NCR 
oligonucleotide primers, where the forward primer may be 5- 
GGTGGCTCCATCTTAGCCCTAGTCACG-3' (1F27) <SEQ ID NO. 8> and the 
reverse primer may be the oligonucleotide 5'- 
AGGCCAGTATCAGC ACTCTCTGC AGTC-3 (57R27) <SEQ ID NO. 9>. 

Kits for detecting the presence of HCV DNA, which comprise the 5' 
and 3«NCR primers described above for amplification of HCV DNA derived from 
HCV RNA are also encompassed within the scope of the invention. 

The kits may additionally comprise reagents and instructions for 
reverse transcription, amplification, and product detection. For example, the kits can 
contain reverse transcriptase, deoxynucleotides, thermostable polymerases smtable 
for DNA amplification reactions, and reagents for labeling and detection of nuclei 
acids 

The present invention finds use in the diagnosis of HCV infection in 
patients; in testing the efficacy of anti-HCV therapeutic regimens; and in screenmg 
the blood supply for HCV-infected samples. 
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Description of the Prefr "-™"* Fmhodiments 

The following examples illustrate the present invention without 

limitation. 

Eiampjel: iw^tinn of HCV mmnoical Sample Comparison of 5' HCV 
am plification primers and R^he Amnlicor HCV Assay 
The following experiments were performed to compare the HCV 
assay of the present invention with the Roche Amplicor system. 
10 A. Methods: 

1. Sam ple preparation : 

RNA was prepared from plasma samples using PureScript® RNA 
isolation reagents (Centra Systems, Minneapolis MN). Modifications to the 
W manufacturer's protocol for body fluids included use of 40 m glycogen, rather than 

"(3 15 20 re as a carrier to aid in the precipitation of viral RNA. Additionally, in most 

t cases, after isopropyl alcohol precipitation of the RNA and washing the RNA pellet 

with ethanol, the RNA pellet was resuspended in the RT buffer mix, rather than in 
the RNA hydration solution provided by the manufacturer. 
2. Reverse Transcription : 
0 The synthesis of cDNA from RNA was catalyzed by the addition of 

100 U recombinant Moloney Murine Leukemia Virus (M-MLV) reverse 
transcriptase (RT) (Gibco BRL, Gaithersburg, Maryland) in a 50 (xl solution of 50 
mM Tris-HCl (pH 8.3), 75 mM KC1, 3 mM MgCl 2 , 10 mM DTT, 0.4 mM of each 
dNTP (Pharmacia Biotech), 4 (xM random hexamers (Pharmacia Btotech, 
Piscataway, NJ) or specific reverse transcription primer, and 20 units RNasm 
(Promega, Madison, Wisconsin) in diethylpyrocarbonate (DEPC)-treated water. 
After incubation at 42°C for 30 min, the RT reaction was held at 100°C for 5 min to 
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destroy RT activity. Each reaction was chilled for 1 min followed by 
microcentrifugation at 16000 x g for 4 seconds. 
3. VCR am plification : 

PCR was carried out IN A PE9600 thermocycler (Perkin-Elmer) in a 
100 solution of 25 mM Tris-HCl, 3 mM MgCl 2 , 0.725 mM EDTA, 54 mM KC1, 
3.72 mM NaCl, 40 DTT, 108 ^/mL gelatin (type IV), 9.5% glycerol, 0.02% 
Tween 20, 0.02% NP40, calf thymus DNA (2 ^g), 1.2 mM of each dNTP, 0.4 of 
each primer, 10 copies linearized internal positive control (IPC) plasmid DNA, and 
16 U of Taq polymerase. Monoclonal antibodies to Taq, TP1-12 and TP4-9, the 
preparation of which are disclosed in U.S. Patent 5,338,671, were added to the 
reaction at a 50:1 and 5:1 molar ratio, respectively, to provide a 55:1 molar rat,o of 
antibody to Taq polymerase. After initial denaturation at 96°C for 3 min, 40 cycles 
of amplification were performed at 96°C for 5 sec and 68°C for 40 sec. At the 
conclusion of cycling, a post-heat step was performed for 5 min at 103°C to 
inactivate Taq polymerase. The primers used are shown in Table 2 below. 



TABLE 2 



C69f28 



C131F25 
C143F26 



SEQUENCE 



CAGAAAGCGTCTAGCCATGGCGTTAGT 
A-3' — 



5' 



nruir A a AfiCC AT AGTGGTCTGCGGAA-3 




GTGGTCTGCGGAACCGGTGAGTACAC- 
3' 




CGOTTCCGCAGACCACTATGOCTCTC-S 1 



LOC. 



69-96 



131- 
155 



SIN* 
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C282R26 


5'_ 

„^ » Anr'ArrrTATCAGGCAGTACCACA 
-3' — 


282- 
308 


AS 


5 


C287R27 


CACTCGCAAGCACCCTATCAGGCAGTA 
-3' 


287- 
313 


AS 


6 


C294R25 


5-CGGGGCACTCGCAAGCACCCTATCA- 
3' 


294- 
318 


AS 


7 



* Strand orientation: S = sense; AS = antisense; ** Sequence ID No. 
The predicted product sizes are shown in Table 3 below. 
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4 ruction of VCR products. 

PGR products were biotinylated by use of 5'-biotin-labeled primers 
(sense strand) during amplification. Product was captured by hybridization to 
oligonucleotide probes covalently attached to latex particles, which were deposed 
on the surface of a flow through membrane (SureCell® tests, Ortho Chmcal 

„ , , xrv^ The probes were: 5- 

Diacnostics Rochester, NY). v 
GGGTCCTGGAGGCTGCACGACACTCAT-3' C96-27-PRB) <SEQ 

ID NO. U>; 5'-CCTTTCGCOACCCAACACTACTCGGCT-3' (designed C252- 
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27-PRB) <SEQ ID NO. 12>; and S.-TTTCGCGACCCAACACTACTCGGCW 
(designated C252-25-PRB) <SEQ ID NO. 13>. The proWproduct complex was 
reacted with streptavidin (SA)-h„rseradish peroxidase (HRP) conjugate, wbrch 
catalyzes the oxidative conversion of a dye precursor to a dye (blue color) The blue 
color intensity was scored visually (0-10) by comparing color intensity to color 
standards. All visual color .cores > 3 were considered to be positive results. 

5 *n. pMcnr Assay . The Roche Amplicor assay (Roche 

Diagnostics, Kaiserangst, Switzerland) was performed according to the 
manufacturer's instructions. 
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A panel of 42 samples from Brazilian and Egyptian patients was tested for HCV as 
described above. Some of the samples were also tested using the Chiron B-DNA 
assay Brazilian samples were expected to contain a larger proportion of HCV 
genotype 3 compared to US samples and the Egyptian samples were expected to 
consist of mostly HCV genotype 4, a genotype rarely found in the US. 

All reactions were performed in duplicate. A positive score indicates 
that both duplicates were positive. The results are shown in Table 4 below. 
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TABLE 4 



Country 



bDNA 
c/ml 



Roche 
Amplicor 



% 7 
131F/294 
R 5'NC 
6/18/97 



69F/133 
R5'NC 



143F/283 
R5'NC 



3 6 
143F/287 
R5'NC 
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A comparison between the resu.ts obttined using the 5' NCR primers 
of the present invention and the Roche assay system is —zed in Tabies and 



6 below: 



TABLE 5 

Roche Amplicor 



C131/C294 
(long product) 



21 


5 | 


° 


16 
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TABLE 6 

Roche Amplicor 



+ 



+ 



69F/133R 

(short 

product) 



21 


11 


0 


10 



All of the primers of the invention demonstrated superior sensitivity 
^en compared to the Roche Amplicor assay. Use of the primer pair «W»3R 
afforded the greatest sensitivity. Five samples «b- were negative us g *e Rocl. 
amplicor assay were positive using the C131/C294 pnmer patr of the present 

p +v.« m-rcrnt invention. Furthermore, an 
positive using the 69F/133R pnmer pair of the present mvenn 

the samp.es with loads detect, by the Chiron bDNA assay were — 
using the primers of the present invention, whereas thre, of these were no, detected 
Tg the Roche Amplicor assay None of the negative controls were scored as 
positive in the assay according to the present invention. 

In a second series of experiments, 150 plasma samples from Braztl 
that were previously defined to be positive for HCV antibody "»^^ 
Roche Amplicor assay and using the primers of the present mventio* Tables J and 
S below show results based on SureCe,.® color scores. For each — the 
products were examined on gels » confirm the results. Negative controls 
Cp-d through ou, tire clinical samples, consisting of both negative plasma 
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samples and water 
control results were negative 



(no RNA) were included for each primer set. All negative 



TABLE 7 

Roche Amplicor 



V 1 

131F/294R 



69F/133R 



90 


4 I 


0 


- 


TABLE 8 

Roche Amplicor 

+ 


90 


— 


0 


53 



Both 5- NCR primer pairs according to the present invention 
exhibited superior sensitivity relative to the Roche assa, system. The grates, 
sensitivity was achieved using the 69FA33R primer pair, ^ " ^ 
presence of HCV RNA in three additional samples compared to the C13UCZ94 

primer pair. 

Examfilej: ^ ml yHr of Sensitivity of 5' NCR HCV Assays 

The following experiments were performed to test the sensrtmty of 
the HCV assay using the 5' NCR primer pairs of the present invention. 
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, Three patient samples were diluted based on theoretical copy 
numbers of HCV RNA and assayed for HCV RNA using the Roche Amphcor 
" tem and the r*imer pairs of the present invention. The results are S no„n ,» Table 
9 below. 
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all three sets of diluted patient samples, the assay employing the 5' 
NCR primers of the present invention displayed greater sensitivity than the Roche 

2 Plasma known to be positive for HCV was diluted with HCV- 
negative plasma and tested as described above. An interna, positive control OPC 
plid was incorporated into the reaction mixture a, .0 cop.es/reacon TTe 
results (a compilation of five experiments) are shown in Table 10 below 
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The C131F/C294R 5' NCR primer pair exhibited excellent sensitivity 
wi was able to detect as little as a single viral particle per PCR reaction as predicted 

hv a Poisson distribution analysis. 

3 Eighteen patient samples from patten* with low HCV vrra. loads 
(range . ,16-8080 copies/m,, which corresponds to .6-404 copies/PCR reaction). 
Seventeen of the eighteen samples testeo positive in the present assay. 
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15 „ pto a samp.es from Bra,, *- - 

j • a. worhe Amolicor assay and using 
fi,r HCV antibody were tested in the Roche Ainpi 

be positive for HCV antioouy Re verse transcription and 

c +^ nresent invention. Kever&c u« r 

^Hfication we* performed as descn ^ y _ 

— - r:r" 8 £ - a^cation « — 

CTATCAGCACTC-3' <SE * NO ^ ^ ^ ^ ^ 

tne pnmer _ ^ using 

(IPQofplasrmdDNA. Detecuo - x30pRB25 For each reaction, the 

products were exarmned on gels to ^ plMma 

— — the — - - -sent — 
and the Roche assay system is summarized in Table 11. 



Table 11 
ROCHE AMPLICOR 



9 

1F27/57R2 
3' Assay 



-t- ' . 


85 


0 


3 


62 



25 



CDS-211 



V 

?j. i | 
S 

s J 

■S 3» 



10 



15 



20 



25 



- 30 - 

— Z« was P««>™^ - — 3 * R 

3X1F27/57R27 pnmer pa. using the metho 

each reaction, ,he products were examined on .*» 

^ A comparison bOween the resuhs obtained using the primers of the 

present invention and .he Roche assay system is summarize* in Table .2. 

TABLE 12 
5' NESTED ASSAY (RG) 



1F27/57R2 
3" Assay 



+ 



+ . 
56 


1 


1 


25 



These results demonstrate that <^°^rm nested PCR 

invention is ho* ^itht'RGH assay on 25 of 

,vstem The assay according to the invention w . ^ is that there is less 
Z f 26 negative samples. The in , he latter, the tube 

etnee of carryover than when P"^^^ The single 
S^T&^SMS an exarrfpU of carryover caused hy the 
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Sam ple 5: Col 



nfthr^ "™ ffrV Assa3 



«. « experiment - »— » * e " 

u~ - -~ - 

^ « prepared, «- <o con^n ~ ^ described 

^ subject «o reverse .ranscnpt.cn and * 66RT ^ 

1 *~ " ^ ^ was ^ed 

printer (Tabte t3) or 57M 7 (27-„.er) pnrner C™°^ 
usi „ g 1K 7 and 57K27 forward and reverse » ^ 

on ge , bands a^eUfcusingS^ 
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The , NCR HCV assay deleted .000 viral copies/ml 100% of the 
time and 200 copies/ml of, hetime. At 100 copies/ml, virus was detected 

dilution would predict that a, 1 cop, per reaction (20 vral pa—), * 
fluency of positive results should be approximately 60%. The nnd,ng of 20/. 
"a. L fcve. of virus ma, be due to the possibility that the , non-codmg 
S Z HCV „ no, present in ever, vira, particle, or ft* there is an urheren, 

The tatter explanation was supported b, performmg a reverb 
^^anrplification assay on the same sar»p>es using 5' NCR „ 
rZJinabigL.eveiofdetecuon^Ocopie.n, .-J--* 
sensitivh, of the »C assay cou,d be increased by usmg longer 
for reverse transcription (compare the detection of ,0 cop.es/rxn usmg 12-mer 
27-mer primers, Tables 13 and 14, respectively). 

Sample 6: Analysis oi r j. !ZZ7to assess the detection of 

The following experiments were performed to assess tne 

HCV having different genotypes 

1 Genotype inclusivity: 

Chimpanzee plasma, representing various genomes of HCV, was 
oUained from Nationa, Institutes of Health (NM). «— - ^ ^ »~ i 
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as described in 1 *~ The * « printers — CU1F andC 94R 

(forward and revise primers, respective.,) and *. 3' NCR pnmers were ^.F27 and 
57R27 (forward and reverse primers, respective*,. The results were c4*amedb, 
analysis of PCR products on 4% agarose ge.s Gained with ethidium brom, e 
Positive resuhs were based on repiicate samples. The resuHs are show .n Table 
(using 5' NCR primer,) and Table 16 (using 3' NCR primers) below. 
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2 Patient samples: 

Twenty seven undiluted patient samples of known genotype were 
assayed using the C131F and C294R primers as described above SureCel.® 
detection was used ,o confirm resuUs (using C252-PRB25 and IPC-1P as the cap*re 
probe HCV and IPC products, respectively). The pane, induded rep— e 
plasma samples infected wHh HCV genotypes 1 through 4 and 6. Patient ^es 
were from various geographic regions (Scotland, Tunisia, Saudr Arabra, and Hong 
Kong). Each sample was tested in duplicate (fcr example, 6 genotype 1 samples 

were tested) . i • a 1 1 

The primer system of the present invention was able to amphfy all 

, i j 0 j it , tW , 0 anel The C131F25/C294R25 primers 
the genotype samples included in this panel. 

identified all possible HCV genotypes to date (Genotypes 1-6). 

3 Low copy number samples: 

Samples containing HCV of different genotypes (1-6, obtained from 
the US, Scouand, Tunisia, Saudi Arabia, and Hong Kong) were quantified usmg the 
Roche Monitor Assay, diluted to 50 vira, copies per PCR reason (.000 cop.es/mL), 
and assayed using the C131F and C294R primers as described above. 

All samples were detected using the primers of the present .nvenUon 

tt««o Both 5' «w H V Amp ""™*'"" Primer 
ExamfileJ: m-^ t 1 " Assrn TTsin? Both 5' an a 

P&irs 

^following experiments were performed to analyze the effect of 

~ • r «. xrru » n <\ V NCR regions of the HCV genome in a 
simultaneous amplification of 5' NCR and 3 NtK regio 

single reaction mixture. 

A CornparisonvdtbRQd^ 

73 patient samples, containing the equivalent of between 45 and 
17 0 000 viral copies per reaction, were tested. The samples were from patients 
known to be infected with HCV who had been treated with interferon. As 
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orients had little or no circulating virus. This panel was tested 
consequence, some patients had htt ^ ^ y NCR 

in a m ultiplex format using the 5 NCR p« P ^ _ 

primer pair 1F27/57R27, as well as IPC primers. g 

— -^-r^S' — ~ compared - - o«ned 

Switzerland) Th. results « — in Tabk " 



TABLE 17 
ROCHE MONITOR 



Multiplexed 
Assay 



+ 



+ 

60 


, 1 


0 


12 



• the 5- and 3* NCR primer pairs of the invention, an 
When using the 5 ana j f 

j* ^th,. Roche Monitor Results was 

^.iona, sample « was — l.Ke^u,,,^ 
detected wHh .he S NCR and 3' NCR assays whrch ,^e 

„f the nresent invention show greater sensitivity than in 
thePn ZlZ w^ low vira, loads. This posnlve sample, which wen. 

when assaying samples witn iow Bltprnate y NCR primers 

und«ec.ed by the Roche assay, was confirmed usmg attend 

69F/133R. 

B Cjffiipjsrison^^ 

, *u + h a A tested as indeterminate using a 

Sixteen patient samples that had tested as 

J HUBA) were tested in a multiplex format using the 

recombinant immunoblot assay <WBA) were ^ 
5- primer pair 131F/294R and the 3' primer pair 1F27/57R27. 
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compared with those obtained using the qualitative Roche Amplicor assay. The 
results are summarized in Table 18 below. 



TABLE 18 
ROCHE AMPLICOR 



Multiplex 
Assay 



+ 



4 


0 


0 


12 



There was 100% concordance between the assay of the invention and 
the Roche assay All PCR reactions were done in duplicate from a single RNA 
enaction. The negatives were confirmed by amplification using an al,ema«ve 5 
NC primer set (69F/133R). All negatives re-tested were confirmed as true 

negatives. 

All patents, applications, articles, publications, and test methods 
memioned above are hereby incorporated by reference in their entirety. Many 
variations of the present invention wi.l suggest themselves to those skiUed m the art 
in Ugh, of the above defied description. Such obvious variations are withm the full 
intended scope of the appended claims. 



